Aim of the study: Diabetes is a well documented risk factor for vascular erectile dysfunction (ED). We evaluated the relative roles of insulin dependence (IDDM) vs oral agent controlled diabetes (NIDDM) in predicting the etiologies and severity of ED: arterial insuf®ciency (AI), venous leakage (CVOD), and mixed vascular disease. The impact of additional risk factors were also analyzed: hypertension (HTN), coronary artery disease (CAD), and smoking (SM). Methods: Retrospective data on 105 patients complaining of impotence who underwent pharmacotesting with PGE1 (Caverject) and color duplex Doppler was reviewed. Penile blood ow study (PBFS) data following a period of privacy and self-stimulation was compared. PBFS diagnostic criteria were: AI for peak systolic velocity (PSV)<25 cmas; CVOD for PSV!35 cmas and resistive index (RI)<0.9; mixed vascular disease for PSV!25 cmas, PSV<35 cmas and RI>0.9. Consistent dosing of PGE1 was used; 6 mcg for age<60 y and 10 mcg for age !60 y. Patients were NIDDM (79 out of 105) and IDDM (26 out of 105). Mean ages for NIDDM and IDDM were respectively 60, and 55 y. The relative signi®cance of insulin dependence was assessed by Student's t-test. Results: The most common etiology of ED was arterial insuf®ciency: mean PSV's did not signi®cantly vary and were: 23.5 cmas for NIDDM, and 21.6 cmas for IDDM. PBFS parameters did not vary signi®cantly for the risk factors of SM or HTN and diabetes. Mean peak systolic velocities were signi®cantly different among diabetics with coronary artery disease: NIDDMaCAD, 22.9 cmas compared to IDDMaCAD, 14.8 cmas (P0.006). Conclusions: We found among the 105 diabetics the most common etiology of vascular ED based on Doppler criteria was arterial insuf®ciency, 64%. Statistical analysis of additional risk factors (SM, HTN, CAD) suggested that patients with IDDM and CAD have more severe cavernosal arterial insuf®ciency than patients with NIDDM and CAD. This data tends to support the theory that microangiopathy is the predominant factor in diabetic impotence, and that insulin dependent diabetes with`large vessel' coronary heart disease have a similar pathology in the`small vessels' regulating penile in¯ow which is unfortunately worse than their non-insulin dependent counterparts.
Introduction
The American Diabetes Association estimates that there are 15.7 million people in the US with diabetes mellitus (DM). Diabetes is the fourth leading cause of death in the US and is associated with considerable morbidity: renal failure, cardiac and peripheral vascular disease, stroke and blindness. Diabetes is also a well documented risk factor for erectile dysfunction (ED). In series of diabetics the estimated incidence of impotence varies from a low of 35 to a high of 75%. 1 The nature of diabetic impotence is multifactorial: Etiologies of diabetic ED are neurologic, vascular and mixed; some series site the incidence of vascular ED to be as high as 87%. 2 Vascular causes of ED have been extensively described and characterised by color duplex Doppler ultrasound. Three subcategories for vascular erectile dysfunction can be distinguished by this non-invasive technology: arterial insuf®ciency (peak systolic velocity <25 cmas), cavernous venous occlusive disease (PSV!35 cmas and resistive index <0.9), and mixed vascular disease (PSV>25 cmas but 35 cmas and resistive index >0.9). This study investigates the relative impact of insulin dependence, hypertension, smoking and 
Patients and methods
Retrospective data of 105 diabetic patients complaining of erectile dysfunction who were evaluated with color duplex Doppler following age speci®c dosing of PGE1 in our institution from 1995±1997 was reviewed. Vascular assessment was performed following PGE1 injection both before and after privacy and self-stimulation, measuring peak systolic velocity (PSV) and resistive index (RI) of the dorsal cavernosal arteries. 3, 4 Patients aged 60 y or younger were given 6 mcg of PGE1 and patients older than 60 y were given 10 mcg. All patients were then studied by color duplex Doppler using a 7.5 MHz linear transducer with standoff wedge to maximize near-®eld imaging (Siemens Quantum, Issaquah, WA). Flow velocities were measured in the sagittal plane with the shaft held extended, the angle of the cursor was held at 60
. Erections were then rated by the PGE1 administrating physician. All measurements were repeated after the patient had a period of privacy and self-stimulation. Insulin dependence and the presence of hypertension, coronary artery disease, and smoking was assessed by history.
Results
The mean age of patients was 58 y; 26 out of 105 patients were insulin dependent with mean age of 55 y; 79 out of 105 patients were oral agent dependent with mean age of 60 y. The presence of confounding risk factors such as hypertension under treatment, coronary artery disease (CAD) under treatment, and smoking was recorded. Fifty-two patients (49%) were hypertensive, 31 (29%) had documented coronary artery disease, and 27 (26%) were smokers. The incidence of these additional risk factors was comparable for IDDM and NIDDM. (Table 1 ) Hypertension under treatment was more common among IDDM patients (65% vs 44%). The incidence of CAD under treatment was not signi®-cantly different for IDDM or NIDDM (27% vs 30%).
Penile blood¯ow studies were performed and recorded in a consistent manner. Three etiologies of vascular erectile dysfunction were identi®ed: arterial insuf®ciency was the most prevalent diagnosis at 64% (67 out of 105). Mixed vascular disease was diagnosed in 25% (26 out of 105). Venous occlusive disease was diagnosed in 11% (12 out of 105). Of the 67 patients with PBFS criteria of arterial insuf®-ciency, 48 had NIDDM (61% of the NIDDM group) and 19 had IDDM (73% of the IDDM group). Of the 26 patients with mixed vascular disease, 23 had NIDDM (29% of NIDDM) and three were insulin dependent (12% of IDDM). The remaining 12 patients had criteria for venous occlusive disease; eight had NIDDM (10% of NIDDM), and four had IDDM (15% of IDDM). The incidence of AI was slightly higher for IDDM patients (73%) than NIDDM patients (61%) but the difference was not signi®cantly different (P 0.11).
The mean peak systolic velocities obtained post PGE1 injection and a period of self-stimulation for the entire group was 23.1 cmas; no patient had a normal erection with well sustained rigidity associated with PSV!35 cmas, RI>0.9. Mean PSVs for the NIDDM and IDDM groups were 23.5 and 21.6 cmas respectively. This was not signi®cantly different (P 0.20). Comparing NIDDM and IDDM patients for the severity of arterial insuf®ciency based on the presence of smoking, coronary artery disease, and hypertension, we found that smoking and hypertension were associated with reductions in cavernous arterial in¯ows among insulin dependent diabetics but the differences were not statistically signi®cant. For patients with CAD, there was a statistically signi®cant reduction in penile in¯ows between dependent patients (14.8 cmas) and oral agent responsive patients (22.9 cmas). This difference was signi®cant (P0.006).
Discussion
The etiology of vasculogenic impotence among diabetics is multifactorial. 5 Many early reports highlighted the roles of psychogenic impotence and hypogonadism. 6, 7 Contemporary series have emphasized the roles of autonomic neuropathy and vasculopathy. 1, 2, 8 Microangiopathy and large vessel obliterative atherosclerotic occlusive disease have both been implicated in diabetic vascular disease. Impotence has been attributed to both reductions in penile in¯ow and speci®cally to de®cits in endothelial cell mediated release of nitric oxide. 9, 10 Penile vascular abnormalities mimicking atherosclerosis have been found in diabetics at young ages: ®brous proliferation of the intima, medial ®brosis, calci®cation, narrowing and obliteration of the cavernous artery lumen. Furthermore, corporal dysfunction in diabetes has been associated Diabetes and vascular impotence MJ Metro et al with structural alterations in sinsuoidal architecture which could produce a loss of compliance; resulting in a`double hit' for the diabetic patient making it both dif®cult to ®ll and store blood in the penis for an adequate erection. Prior studies have examined the prevalence of vasculogenic impotence among diabetics and found it to be similar among insulin and non-insulin dependent groups; 90% in IDDM and 85% in NIDDM. 2 Our study of 105 patients examined the severity of vascular impotence, based on non-invasive Doppler parameters, among two groups of diabetics. Confounding factors such as coronary artery disease (CAD), hypertension (HTN), and smoking (SM) and their effect on the severity of vasculogenic impotence were examined.
The most common etiology of vasculogenic impotence among diabetes was arterial insuf®ciency (PSV<25 cmas) in 64% of the group. This is lower than the approximately 85% reported in other studies. 2 Cavernous arterial in¯ow disease was found in 73% IDDM, and in the 61% of NIDDM. This was not signi®cantly different (P0.11). The severity of arterial insuf®ciency among the two groups was similar and not statistically different (mean 23.5 cmas NIDDM and 21.6 cmas in IDDM, P0.20). Likewise, the presence of the additional identi®able risks of smoking and hypertension proved not to alter signi®cantly the severity of arterial insuf®ciency ( Table 2 ). The presence of coronary artery disease, however, did prove to be signi®cant with mean peak systolic cavernosal velocities being 14.8 cmas in the IDDM group and 22.9 cmas in the NIDDM group (P0.006) ( Table 3) .
Conclusions
The objective data in this study of diabetics complaining of impotence con®rms previous observations that the incidence of arterial insuf®ciency causing vascular impotence is similar among insulin dependent vs non-insulin dependent diabetics. The severity of this insuf®ciency, as measured by penile blood¯ow studies, is not altered by insulin dependence, nor is it altered by the presence of the individual risk factors of smoking or hypertension. Coronary artery disease has been shown in this study to lead to more severe arterial insuf®ciency in insulin dependent diabetics than in oral agent controlled diabetics. This relationship should be further evaluated by targeting men with coronary artery disease and assessing them for vascular erectile integrity with duplex Doppler. Diabetes and vascular impotence MJ Metro et al
